Aims and Objectives: The purpose of this study was to investigate the influence of a titanium implant on immune response in mouse by monitoring change in plasma cytokine profiles. Materials and Methods: C57BL/6 (type 1 T helper cell-predominant) and BALB/c (type 2 T helper cell-predominant) mice were used. Each type was divided into an experimental and a control group: in the former, pure titanium implants (Φ 1 mm × 1 mm) were inserted into the back of the mice subcutaneously; in the latter, the wound was sutured closed with no insertion of an implant. Blood samples were collected before implantation and at 3 hr, 24 hr, 3 d, 1 mo, and 3 mo after implantation. Levels of IL-2, IL-4, IL-5, IL-6, IL-10, IL-12, IL-13, IL-17A, IL-23, IFN-γ, TNF-α, and TGF-β1 were measured by multi-analyte enzyme-linked immunosorbent assay. Results: Baseline cytokine levels were generally higher in the BALB/c mice than in their C57BL/6 counterparts. Cytokine levels showed only slight variation after implantation of titanium in either strain. No statistically significant differences in cytokine levels were detected, except for those of IL-6 and IL-10. Conclusion: The results showed that titanium implantation induced no clear Th1-, Th2-, or Th17-mediated immune response in either Th1-or Th2-predominant mice.
INTRODUCTION
Titanium dental implants offer an important alternative to fixed or removable prostheses. It has been reported that titanium possesses excellent biocompatibility, high resistance to ionization and does not induce an allergic immune response [1, 2] . Type 1 and 2 T helper cells (Th1 and Th2, respectively) play an important role in the immune response. In dental clinical practice, the majority of implant patients are aged between 50 and 60 years, and many are present with systemic diseases. These problems may be autoimmune disorders, for example, in which the response will be largely Th1-mediated [3] or allergic diseases [4] or infection with the human immunodeficiency virus, in which the response will be Th2-mediated [5] .
Cytokines are transmitter substances that regulate cell behavior in order to maintain homeostasis, and systemic cytokine levels are closely linked to the extent of biological invasion and clinical symptoms such as inflammation [6, 7] . Periodontitis has also been shown to affect cytokine levels [8, 9] . Several studies have evaluated titanium implants after placement by collecting peri-implant mucosa and crevicular fluid samples and locally examining their relationship to cytokine levels [10] [11] [12] .
To our knowledge, however, no studies to date have undertaken a systemic comparison of cytokine levels. The aim of this study was to investigate the influence of a titanium implant on the systemic immune response in mouse by monitoring change in plasma cytokine profiles.
MATERIALS AND METHODS

Titanium
Titanium rods 1 mm in diameter and 1 mm in length were used. The specimens were machined from comercially pure titanium (Grade 2, Kobe Steel, Japan) and their surfaces mechanically polished. All specimens were ultrasonically cleaned with acetone and distilled water for 10 min, followed by sterilization in an autoclave for 10 min at 121˚C before implantation. The specimens were then aseptically stored in desiccators for approximately 1 week.
Animal Model
The experimental animals comprised 20 C57BL/6 mice with predominantly Th1-mediated immunity and 20 BALB/c mice with predominantly Th2 (humoral)-mediated immunity [13] . All 40 mice were males aged 5 weeks and weighing 18 -23 g each (Sankyo Labo Service Corporation, Inc., Tokyo, Japan). Each strain was equally divided into an experimental group (n = 10) and control group (n = 10). After inhalation anesthesia with ether, all the mice were intraperitoneally anesthetized with 3 ml sodium pentobarbital diluted 10-fold with physiological saline. The back of each mouse was shaved and cleaned with 70% ethanol before surgery. In the experimental groups, a 10-mm dorsal incision was made with a scalpel and 5 pieces of pure titanium subcutaneously inserted into the wound, which was then sutured closed with 2 stitches. In the control groups, an incision was made in the same manner and the wound then sutured closed without inserting a titanium implant.
Blood samples were obtained from the orbital vein plexus with a Pasteur pipette before implantation and at 3 hr, 24 hr, 3 d, 1 mo, and 3 mo after implantation. The samples were inserted in a microfuge tube containing heparin and immediately centrifuged for 10 min at 1000 × g to isolate plasma, which was then stored at −20˚C until use. This study protocol was approved by the Animal Care and Use Committee of Tokyo Dental College (approval number: 223003).
Cytokine Profiles
Cytokine profiling of each plasma sample was performed by analyzing a panel of 12 cytokines (interleukin (IL)-2, IL-4, IL-5, IL-6, IL-10, IL-12, IL-13, IL-17A, IL-23, IFN-γ, TNF-α, and TGF-β1) using the Mouse Th1/Th2/ Th17 Cytokines Multi-Analyte ELISArray TM Kit (ME-M003A, SABiosciences Corporation, Frederick, MD, USA). Tests were carried out according to the manufacturer's protocol. Briefly, 50 μl each plasma sample was added to each well of the ELISA Array plate. The plate was gently shaken or tapped for 10 sec, incubated for 2 hr at room temperature (rt), and then washed in the washing buffer provided 3 times. Fifty microliters Detection Antibodies was added to each well and incubated for 1 hr at rt. After washing 3 times again, 100 μl Avidin-HRP solution was added to each well and incubated for 30 min at rt. Finally, after washing 4 times, 100 μl Development Solution was added to the wells. After 15 min, 100 μl Stop Solution was added to each well. Cytokine levels were evaluated by measuring absorbance at 450 nm using a microplate reader (SpectraMax ® , Molecular Devices Japan, Tokyo, Japan). The respective values were expressed using the following equation.
Sample values negative control values   
Positive control values negative control values 100 %   Data represent the mean ± standard deviation (SD) from 10 to 15 mice.
Statistical Analysis
The Mann-Whitney U-test was used to assess inter-strain differences in baseline cytokine production and to compare the control and experimental groups. The Tukey multiple comparison test was used to compare the data and change with time following a two-way analysis of variance (ANOVA). Data were analyzed using the software program SPSS (version 11.0.1 J for Windows XP; SPSS Inc., Chicago, IL).
RESULTS
Condition of Mice
No significant difference was found in body weight between the experimental and control group mice (data not shown). No inflammation, swelling, or redness in the wound surface were observed macroscopically.
Inter-Strain Difference in Cytokine Production
Production of IL-2, IL-5, IL-6, IL-10, IL-13, IL-17A, IL-23, IFN-γ, and TGF-β1 at baseline was significantly higher in the BALB/c mice than in the C57BL/6 mice ( Figure 1 ) (IL-2, IL-6, IL-10: p < 0.01; IL-5, IL-13, IL-17A, IL-23, IFN-γ, TGF-β1: p < 0.05).
Change in Cytokine Profiles from Baseline to 3 mo after Titanium Implantation
IL-6 levels tended to increase over time in experimental group in both C57BL/6 and BALB/c mice, and were significantly higher than those of respective control groups at 3 mo (p < 0.05) (Figure 2(a) ). IL-10 levels showed no change up to 1 mo, but were significantly higher in both experimental and control groups of BALB/c mice at 3 mo versus corresponding groups of C57BL/6 mice (p < 0.05) (Figure 2(b) ). IL-17A levels showed no significant change with time, but slight increase occurred in C57BL/6 experimental group at 1 and 3 mo (Figure 2(c) ). TGF-β1 levels showed no change with time (Figure 2(d) ). Table 1 shows the cytokine levels in each group prior to baseline and at each time point 
DISCUSSION
In this study, cytokine levels in BALB/c and C57BL/6 mice (Th1-and Th2-predominant, respectively, as proven by Scott et al. [13] ) were investigated in order to determine the systemic effects of titanium on immune response. Th1-and Th2-predominant mice were used in this study based on the hypothesis that Th1/Th2 balance is an indicator of susceptibility to titanium. It has been reported that Th1-related cytokines include IL-2, IL-12, IFN-γ, and TNF-α [14] , while Th2-related cytokines include IL-4, IL-5, IL-6, IL-10, and IL-13 [15] IL-17A and IL-23 are related to Th-17 cells [16] . The present results showed that implantation of titanium induced no clear increase in Th1-, Th2-, or Th17-mediated production of cytokines, except for that of IL-6 and IL-10, in either strain of mice. The level of IL-6 was significantly higher in the experimental group of both strains than in their respective control groups at 3 mo after implantation (p < 0.05). At the physiological level, IL-6 plays an important role in the immune response. However, excessive production of this cytokine induces inflammation. The levels of IL-6 detected in both experimental groups here, however, were not so high, indicating that they would be unlikely to induce inflammatory injury. Lalor et al. [17] reported that titanium debris produced by abrasion of artificial joints induced phagocytosis. Other studies investigating adjacent tissue after removal of titanium fracture plates reported delayed-type (sample values − negative control values)/(positive control values − negative control values) × 100 (%). Data are averages of ten or fifteen experiments with tan-dard deviation of less than 10% -30%. s hypersensitivity in the vicinity of titanium based on observation of CD-4-and CD-8-positive T-lymphocytes [18, 19] . Smith et al. [20] reported metal ions (titanium, aluminum, vanadium) in the blood of patients following insertion of titanium alloy (Ti-6Al-4V) implants. This indicates that, even though no wear particles may be produced, ionization of the titanium will still result in the presence of metal ions in the blood. Up-regulated IL-6 in mice with titanium implants may, therefore, indicate a response to the dissolution of such particles, whether they result from wear or ionization. Further study is needed, however, to clarify this point.
In the present study, IL-10 levels were significantly higher in both the experimental and control groups in BALB/c mice than in C57BL/6 mice at 3 mo (p < 0.05). IL-10 is an anti-inflammatory cytokine produced by Th2 cells [21] , which would explain why it was synthesized in greater quantities in the Th2-predominant BALB/c mice. Production of TGF-β1, another anti-inflammatory cytokine [22, 23] , was not affected by the titanium implant. These findings suggest that subcutaneous insertion of titanium may not be enough to trigger an immune response.
IL-17A is a member of the IL-17 family [24] . There is considerable evidence, both in human and in mouse, for the importance of IL-17 in the development and progression of inflammatory, autoimmune diseases [24] and delayed-type hypersensitivity [25] . In this study, however, IL-17A showed no change with time. It did, however, manifest a slight increase in the C57BL/6 experimental group at 1 and 3 mo. This suggests that the titanium implant had virtually no impact on IL-17A levels.
Cytokine levels were generally higher in the BALB/c mice than in their C57BL/6 counterparts at baseline, but no such inter-strain differences were observed after insertion of the titanium. This outcome may be explained by the minimal systemic impact of titanium due to its low reactivity, characterized by resistance to ionization. However, the fact that some cytokines such as IL-6 showed an increase at 3 mo implies that, over the long term, titanium may have various effects systemically. Leopold et al. [26] detected titanium in the serum of a patient undergoing treatment using a titanium implant. Furthermore, Wappelhorst et al. [27] reported that titanium may be transmitted to infants via breast milk. Demand for titanium dental implants is expected to further increase in the future. Therefore, it is important to consider not only how their use can improve oral function but also their potential systemic impact. One limitation of this study was that the titanium implants were not tested in an oral environment. However, it is possible that the effects of titanium would be even greater in the oral environment, given the presence of biological factors such as saliva and bacteria.
